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For these reasons, it is also required to monitor the pedoecological changes and soil nutrient in
95
Saemangeum area of South Korea and to evaluate whether this area is suitable for bioenergy 96 production sustainably.
97
Given the importance of biomass production and sustainable management SRC in Saemangeum 98 area, the biggest afforested area for producing biomass in South Korea, even harsh climatic condition, 99 the aim of this study were (1) to estimate biomass production and carbon storage in SRCs, (2) to 100 evaluate wood pellet quality and suitability of dry mass yield of poplar trees grown in SRCs, and (3)
101
to determine how changing land use, such as the establishment of SRCs, affects flora distribution in 102 the neighboring vegetation on extremely changed pedospheric and meteorological conditions. We 103 explored variation in soil condition on different SRC types and meteorological condition on wet
104
(moderate) and drought (temporary drought) across the annual cycle for three years and identified
105
annual biomass yield and wood pellet productivity in environment variable for sustainable SRC 106 management. 
108

113
Site Description and Microclimate
114
To embark in an afforestation work for domestic production of bioenergy and SRC business 115 undertaking, Korea Forest Service leased a piece, designated area for land substitution (1,000 ha), of
116
Saemangeum reclaimed land (8,570 ha) on moderate terms from Saemangeum Development and
117
Investment Agency, Sejong city, Korea [13, 15] . The University of Seoul research team obtained some 118 study plots in this area to monitor forest production and ecophysiological changes for 3 to 4 years.
119
The total afforested area (SRC) in this site is 55.6 ha. Afforestation was conducted in 2012 (2.3 ha), 
126
At this site, the annual rainfall and mean air temperature are approximately 827 mm and 13 °C
127
(maximum: 32 °C, minimum −7 °C), respectively and rainfall is summer dominant, however summer 
Where PPFD is photosynthetic photon flux density, I is global radiation. Where A and B are coefficient of the regression parameter to be determined, y is the dry weight of 173 aboveground biomass of poplar trees, D is diameter at breast height, S is dry weight of poplar stem,
174
B is dry weight of poplar branch, L is dry weight poplar leaf.
176
To investigate the potential of carbon storages in SRCs, it was analyzed the carbon content (%)
177
of the biomass and multiplied with the dry mass. Poplar tree samples were chipped and broken down 178 using a crusher and air-dried at room temperature. 
187
The formula we used is as follows: Carbon storage (gC) = Total biomass × 0.46 (carbon content of 
191
Carbon storage (gC) = T (g) × 0.46
Carbon dioxide absorption volume (gCO2) = T (g) × 0.46 × 44/12 (5)
Where T is dry weight of aboveground biomass of polar trees.
193
Change of Neighboring Herbaceous Vegetation
194
To investigate the plant diversity and flora distribution around the SRC, we monitored changes
195
in the actual vegetation and the structure of the herbaceous vegetation in plots (5 × 5 m) in the area
196
(from 5 to 9 plots per 0.1 ha in the SRC) planted with P. euramericana and in neighboring vegetation
197
of SRC, respectively. Based on collected data, we classified type of the plant occurred in SRC and its
198
neighboring vegetation, and investigate dominant species in each site, frequency of occurred plant,
199
their relative density, and number of plants per ha. All data were calculated by the method of Braun-
200
Blanquet and Taylor [41, 42] . The formula we used is as follows: Frequency (F, %) = [number of plots 
Where F is frequency, NAS is number of plots appeared specific species, NT is number of total plot in 208 filed site, RD is relative density, NSS is number of specific plant species among all plot of specific site,
209
NTS is number of total species appeared in all plot of specific site, N is number of plant per ha, NT is 210 the number of specific plant species appeared in all plot of specific site, NPS is the number of specific 
230
Qd (MJ kg -1 ) = Qdm/mds
Where Qd is the net calorific value per weight of measured dry mass, Qdm is the calorific value of the 231 measured dry mass, and mds is the dry weight of the measured sample.
232
Ash
Where Ash is ash content of drymass, W is weight after oxidation of sample, D is dry weight of sample. 
233
260
(Equations (11)).
261
Total nitrogen (%) = (T -B) × f × N × 14 × 100 w -1 × 100 s -1 (11) Where T is standard solution of sulfuric acid (ml), B is standard solution of sulfuric acid for using 
277
Statistical Analysis
278
We used a one-way ANOVA to determine whether pedospheric and meteorological condition 
286
Results
287
Biomass, Carbon Storage, and CO2 Absorption
288
To estimate the biomass production of poplar, the relationship between DBH and dry mass was 289 established (Table 3) , and the following formula was applied to calculate the total biomass per area:
290 sum of trees in plot (5m × 5m) × 10 4 × (number of trees) −1 × 10 -3 . 
291
299
respectively (Table 4 ). The biomass production and carbon stock are shown in Table 4 . 300 301 
336
To investigate whether whole wood material, such as wood pellets, is suitable for producing biofuel,
337
we analyzed the net calorific value (Q), ash content, and amounts of toxic chemical substance, and
338
heavy metal content of dry mass (Table 5) According to the results, biomass produced at this site 339 yielded third-grade pellets (G3), and its calorific value (Q) for generating heating energy was 340 established to be equal to that of first-grade (G1) pellets. All data obtained (Q, ash content, N, Cl, S,
341
As, Cd, Cr, Cu, Pb, Hg, Ni and Zn) were very similar for three years (rotation), so only one data 342 analyzed in 2015 is presented in the results. (Table 6) .
344
356
In general, reclaimed land in Korea has a high level of soluble salts and exchangeable sodium,
357
which hinders the growth of the plants; however, this constraint may be reduced by the level of 358 fertility [28] . The soil characteristics of the SRC in the Saemangeum land reclamation project area 359 appear to be similar with those of the forest soil in terms of low salinity [13] . However, soil nutrients,
360
total nitrogen (T-N), and available phosphorus (avail. P) were lower in the SRC soil than in the forest 
374
380
Different alphabetical letters in the same column (three sites) represent significant differences according to 381 independent samples at p ≤ 0.05.
383 384
Changes in the Flora Distribution of SRC and Neighboring Vegetation
385
The changes of flora distribution on the SRC in Saemangeum area were monitored for 3 years.
386
Our result showed that the changes of dominant species and species composition in the SRC 2012, 
389
and Setaria viridis (glycophyte), respectively. Moreover, dominant species on third rotation was also RT, rotation of coppices; CL, classification. (Table 10) .
448
In 2013 SRC, the total chlorophyll, carotenoid content and a/b ratio were higher in second 
553
EU's EN-Plus standard, the specifications in the Korean wood pellet standard eliminate the 554 disadvantages in the assessment criteria of both (Table 9 ). In this study, the quality of poplar for wood 555 pellet production was evaluated to be first to third grade, indicating that wood pellets can be 556 manufactured and produced profitably from poplar grown in the Saemangeum SRC. Based on these 557 results, we concluded that poplar grown in the Saemangeum land reclamation project area is not only 558 useful for its biomass and energy production but also suitable to be carbon sink for GHG mitigation.
559
<Table 9>
560
Monitoring the plant diversity in the area surrounding the SRC showed that the dominant 561 species in the Saemangeum land reclamation area had changed over three years. In 2013, the 562 dominant species in the SRC was identified to be S. viridis, but Sonchus brachyotus and C. epigeios also 
586
area of reclaimed land can be changed during drought, being changed its soil moisture condition.
587
Although the total biomass production and carbon sequestration is valuable for SRC management, 588 sustainable management will be also strongly required to operate domestic bioenergy production 589 and carbon credit as appears by decrease of net growth and photosynthetic pigment of poplar 590 seedlings. Therefore, sustainable management, yield modeling, and long-term monitoring of the
591
Saemangeum SRC are needed to mitigate GHGs. In addition, these results suggest that current short
